Abstract. The Laplacian, signless Laplacian and normalized Laplacian characteristic polynomials of a graph are the characteristic polynomials of its Laplacian matrix, signless Laplacian matrix and normalized Laplacian matrix, respectively. In this paper, we mainly derive six reduction procedures on the Laplacian, signless Laplacian and normalized Laplacian characteristic polynomials of a graph which can be used to construct larger Laplacian, signless Laplacian and normalized Laplacian cospectral graphs, respectively.
Introduction
Let G be a simple graph with vertex set V (G) = {v 1 , v 2 , . . . , v n } and edge set E(G). Its adjacency matrix is defined to be the n × n matrix A(G) = (a ij ), where a ij = 1 if v i is adjacent to v j ; and a ij = 0, otherwise. The degree of a vertex v in a graph G is denoted by
, the diagonal matrix of vertex degrees, and the adjacency matrix. The signless Laplacian matrix and normalized Laplacian matrix are defined to be 
formed by deleting the row and column corresponding to the vertex v.
formed by deleting the rows and columns corresponding to all vertices of V (H). In particular, if e is an edge of G,
formed by deleting the rows and columns corresponding to the vertices of the edge e. Throughout this paper, we shall denote by Φ(B) = Φ(B; x) = det(xI − B) the characteristic polynomial of the square matrix B. In particular, if B = L(G), we write Φ(L(G)) by Γ(G; x) or simply by Γ(G) and call Γ(G) the Laplacian characteristic polynomial of G; if B = Q(G), we write Φ(Q(G)) by Ψ(G; x) or simply by Ψ(G) and call Ψ(G) the signless Laplacian characteristic polynomial of G; if B = L(G), we write Φ(L(G)) by Θ(G; x) or simply by Θ(G) and call Θ(G) the normalized Laplacian characteristic polynomial of G. It is both convenient and consistent to define
For the characteristic polynomial of the adjacency matrix of a graph, Schwenk [9] obtained the following two results which display respectively the relations between the characteristic polynomial of A(G) and the corresponding polynomials of A(G−v) or A(G − e), where v ∈ V (G) and e ∈ E(G). Proposition 1.1. Let v be a vertex of a graph G, let ϕ(v) be the collection of cycles containing v, and let V (Z) be the set of all vertices in the cycle Z. Then the characteristic polynomial Φ(A(G)) satisfies
where the first summation extends over those vertices w adjacent to v, and the second summation extends over all Z ∈ ϕ(v). Proposition 1.2. Let e = uv be an edge of G, and let C (e) be the set of all cycles containing e. Then Φ(A(G)) satisfies Φ(A(G)) = Φ(A(G − e)) − Φ(A(G − u − v)) − 2 Z∈C (e) Φ(A(G − V (Z))), where the summation extends over all Z ∈ C (e).
